Purpose Previous studies have suggested that pregnancy may induce myopia progression. However, no longitudinal study with a large sample size and long-term follow-up has assessed this association. Our objective was to investigate whether pregnancy was related to mid-or long-term myopic refraction changes. Patients and methods A prospective study was conducted in a Mediterranean cohort. The study included 10 401 women (20-50 years old) from the SUN Project. SUN project is a multipurpose, prospective, and dynamic cohort of university graduates conducted in Spain. The recruitment of participants started in 1999 and it is permanently open. All participants in this cohort had university studies. Participants were followed up for a period of up to 14 years, and pregnancy and refractive changes were assessed through baseline and biennial questionnaires. Pregnancies and myopia were repeatedly assessed in each biennial follow-up questionnaire during a total of 14 years of follow-up. Results Pregnancy was inversely associated with the risk of myopia development or progression during each of the 2 years periods, with fully adjusted hazard ratio = 0.61; (95% confidence interval = 0.49-0.75) after adjusting for known potential confounders. Conclusion To our knowledge this is the first large-longitudinal assessment in young adult women, showing that pregnancy is inversely associated with myopia development or progression. Further studies are needed to confirm these epidemiological findings.
Introduction
Myopia is the most common type of refractive error world-wide. 1, 2 The balance of the axial length of the eye, the optical power of the cornea and the lens determine the refractive status. 2, 3 Myopia is the most common refractive error among young adults 4 and its prevalence has significantly increased, producing important social and economic consequences. 2 The prevalence of myopia in adults varies across populations and ethnicities. A meta-analysis conducted by the Eye Diseases Prevalence Research Group estimated the crude prevalence rates for myopia (−1.0 dioptre (D) or less) as 25.4% (CI 95%: 24.46-26.39), in the United States, with similar prevalence in Western Europe and slightly lower in Australia. 5 Therefore, myopia represents a large burden of ophthalmological disease, generates a considerable economic impact, and it is currently an important public health problem. 2, [6] [7] [8] The specific risk factors for myopia are still unclear, but evidence suggest a multifactorial cause with interplay between genetic and environmental factors. 1, 2, 9 Inherited factors, specially important for syndromic high myopias, may include a personal susceptibility to the environmental circumstances and to classical risk factors such as age, race, near work, computer use, and educational level. 1, [10] [11] [12] [13] [14] In women, pregnancy has not been clearly identified as a myopia risk factor, but there is a classical belief that pregnancy is accompanied by physiological changes that temporally increase the refractive error. [15] [16] [17] In fact, currently it is considered advisable to postpone any changes in eyeglass prescriptions until several weeks postpartum. 18 Corrective procedures such as laser refractive surgery are also contraindicated during pregnancy, and current recommendations are that women should avoid pregnancy 1 year after surgery. 19, 20 Since women fertility age range often overlaps in time with the increase of some of the risk factors and with the refractive surgery, it would be beneficial to investigate whether pregnancy is an independent risk factor for the debut or progression of myopia.
Nevertheless, very few large studies with a prospective design have been published. A review of the literature regarding ocular changes associated with pregnancy revealed little mention of refractive changes. [21] [22] [23] Only small series of cases have analysed refractive shifts during pregnancy, with contradictory results. [16] [17] [18] To the best of our knowledge, this is the first longitudinal study with a large sample size assessing the association between pregnancy and myopia onset or progression.
Materials and methods

Study population
The SUN project is a multipurpose, prospective, and dynamic cohort of young adult university graduates conducted in Spain. The SUN Project study methods have been previously published in detail. 24 The recruitment of participants started in 1999 and is permanently open. Mailed questionnaires are used to gather baseline characteristics and information on diet, lifestyles and new medical diagnoses of disease every 2 years. All participants included in the SUN cohort have university studies and over 50% are health professionals.
After the exclusion of men and recently recruited participants (we included only women with a minimum of 2-year follow up), and including only women between 20 to 50 years old (mean age at baseline: 32.9 SD: 8.1) we had follow-up information on 12 143 women. We defined retention rate as the ratio of women who completed at least one follow-up questionnaire, among all the women who completed the initial questionnaire. Our retention rate was 86%. We excluded 1742 women who provided no information on pregnancy or myopia. Thus, the effective sample size for our analyses was 10 401 women. Each woman was followed up for a minimum of 2 years and a maximum of 14 years, since the fist participants were included in 1999. Each woman answered a followup questionnaire biennially, therefore there were seven possible periods of biennial follow up. However, we were able to analyse repeated measurements of both exposure and outcome for six of the seven periods due to the unavailability of information on pregnancies during the first period. Women who became pregnant more than once during the total study period, were included repeatedly in the analyses, using appropriate statistical procedures of repeated measurements (time-dependent Cox models) to account for autocorrelation. Figure 1 shows how the total study period (14 years) was sub-divided in 7 biennial periods of follow up, between each questionnaire. The first follow-up period, between baseline questionnaire (Q0) and second questionnaire (Q2), referred as 'follow up period 0-2 years', is the only period where information about pregnancies was not collected, therefore, no measurements for this period were included in the timedependent Cox models. As shown in Figure 1 , each biennial period was analysed using repeated measurements. Pregnancy and myopia information were assessed in each follow-up questionnaire, and delivery date was always confirmed to be previous to the reported date of myopia onset or progression within each of the six follow-up periods (Figure 1 ). The cases of myopia referred before the delivery date in each specific follow-up period were not considered as an outcome.
Assessment of pregnancy (exposure)
Pregnancies were assessed in each biennial follow-up questionnaire. All questionnaires, with the exception of Q2, included the following question: Have you been diagnosed by a doctor of a pregnancy since the last questionnaire? If so, please report estimated due data (month/year). This is the reason why we had only six, instead of seven follow-up periods. All follow-up questionnaires included the following question: Have you been diagnosed by a medical doctor of new-onset myopia or a progression of 0.5 or more dioptres in myopia, since the last questionnaire you filled in? Participants who responded affirmatively to this question were considered as incident cases. Participants were considered a case of myopia progression when they reported a new diagnosis of myopia or an increase in myopia of at least − 0·50D in one eye, as assessed by a board certified ophthalmologist or university certified optometrist.
Assessment of other variables
The baseline questionnaire collected information on sociodemographic variables including marital status, anthropometric characteristics, lifestyle and health related habits, including adherence to Mediterranean Diet, smoking habits, total energy intake, alcohol intake, sleeping behaviour, time of television watching, computer use, outdoors physical activity, and medical history.
Time spent on outdoor physical activities was estimated by the information obtained from the questionnaires. Time (in hours/week) spent in different outdoors activities such as walking, gardening, running, cycling, or playing outdoors sports was obtained in the baseline questionnaire. To estimate the total time of outdoors physical activity per week, we summed the time spent in all this outdoors activities. Unfortunately, it was not possible to determine changes in these activities during pregnancies or maternity leaves, as we had only recorded the baseline information.
Statistical analysis
For each participant within each of the six follow-up periods we computed person-years of follow up, from the date of returning the baseline questionnaire to the date of myopia onset or progression, death, or to the date of returning the last follow-up questionnaire, whichever came first.
Time-dependent Cox regression models (proportional hazards models) were fitted to assess the relationship between the previous pregnancy in that follow-up period and myopia onset or progression. Therefore, the effect of pregnancy on myopia onset or progression was studied every two years. Total Study length was for over 14 years, and the mean follow up time within each of the six follow-up periods was of 1.63 years after a pregnancy (or after the previous questionnaire for women who were not pregnant in that period).
We estimated hazard ratios (HR) and their 95% confidence intervals (CI) across two categories (pregnancy or no-pregnancy) using a time-dependent Cox regression analysis with age as the underlying time variable. Subsequently, we fitted a multivariable model additionally adjusting for age, BMI, total energy intake, Mediterranean Diet (Trichopoulou's score), smoking habits, computer use, educational level, sleeping behaviour, time of television watching, and physical activity. We also present a graphical display ot the data, showing the Kaplan-Meier plot, using the inverse probability weight method to account for potential confounding factors.
Six separated Cox regression model were assessed after stratifying by each of the six follow-up periods, adjusting for the same variables as mentioned above for the fully adjusted multivariable model. We conducted a sensitivity analysis, excluding all women who had a previous pregnancy before the baseline questionnaire (Q0). We also conducted an additional analysis were we stratified the data by age (≤30 vs 430 years old).
We tested for proportionality of hazards by testing of non-zero slope in a generalized linear regression of the scaled Schoenfeld residuals on time (Grambsch and Therneau (1994)). We found a P-value = 0.22 using the command 'stphtest, rank detail' implemented in STATA 12.0. With the final sample size analysed, we calculated an estimated power for Cox regression of 0.84 ensuring adequate power. All P-values are two-tailed and statistical significance was set at Po0.05. We used STATA 12.0 for all analyses. The Human Research Ethical Committee at the University of Navarra approved the study protocol. Voluntary completion of the first questionnaire was considered as informed consent. Our Institutional Review Board specifically approved this consent process.
Results
From the 10 401 women included in the analyses, 3180 reported a pregnancy during the study period. Table 1 shows the distribution of baseline characteristics of the participants according to pregnancy. Women who underwent a pregnancy were more likely to be younger, active smokers, drank less alcohol, slept less hours, and on average did less physical activity than non-pregnant women. They were also slightly more exposed to computer use, and watched more TV. Educational level was high in both groups as the SUN project includes only university graduates. Also, two Supplementary Tables are provided, showing the baseline characteristics of women excluded from our analysis due to missing data (Supplementary Table annex 1) and the baseline characteristics of participants according to a previous pregnancy at the time of inclusion (Supplementary Table annex 2).
The association between pregnancy and the risk of myopia onset or progression is shown in Table 2 . Pregnancy was inversely associated with the risk of myopia development or progression, with fully-adjusted HR: 0.58 (95% CI: 0.49-0.69) after adjusting for known potential confounders. Also an adjusted HR was estimated after a multivariable analysis stratifying by age and the inverse association remained statistically significant, suggesting that the inverse association between pregnancy on myopia was not related to age: HR: 0.59 (95% CI: 0.47-0.76) in women under 30 years of age, and HR: 0.64 (95% CI: 0.43-0.97) in women older than 30 years. This inverse association was more evident in younger women, but the P-value of the product-term for statistical interaction was not significant (P = 0.68). Figure 2 shows a graphical display of the data, using a Kaplan-Meier plot, where the incidence of myopia onset or progression among pregnant and non-pregnant women progressively diverged. Table 3 shows the association between pregnancy and risk or myopia onset or progression in each period of follow up. In all the periods included, there was an inverse association, but when we stratified by period of follow-up, it was only statistically significant for the three first periods of follow-up.
A likely explanation of the inverse association between pregnancy and myopia progression is the higher exposure to outdoor activities in pregnant women during their maternal leaves. Time of outdoors physical activity of 6.9 vs 5.2 h per week (P = 0.002) in pregnant woman compared to non-pregnant woman.
A sensitivity analysis was also assessed, excluding the women who had a previous pregnancy before the baseline questionnaire (Q0). After excluding these 3.979 women, 6422 women were included and with the multivariable analysis the risk of myopia onset or progression after a second pregnancy even decreased. HR: 0.55 (95% CI: 0.44-0.70).
Finally, Figure 3 shows the HRs of myopia onset or progression, according to the number of pregnancies 
Discussion
In our young adults female population of university graduates we did not find any evidence to support that pregnancy might be associated with an increased risk of myopia onset or progression. In fact, our findings showed exactly the opposite and supported a fairly strong inverse association, suggesting that pregnant women may have a lower risk of developing myopia onset or progression than their non-pregnant counterparts.
Age is an important and well-known factor in myopia progression, that's why we have adjusted and stratified our results by age. Moreover, we always used age as the underlying time variable in our Cox regression models. We used 30 years as a cutoff for stratified analyses, because it was previously estimated that this age was the age where myopia risk has a change in tendency (the risk decreases from 20 to 30 and then it slightly increases). Our results did not change with this analysis, showing that age does not act as an effect modifier of the inverse relation between pregnancy and myopia.
When the association between the cumulative number of pregnancies and myopia was studied, the highest inverse association with myopia (HR: 0.43 95% CI: 024-0.75) was observed for women with the highest number of pregnancies.
We also did a sensitivity analysis, excluding women who had a previous pregnancy before the baseline questionnaire (Q0). The reason for this sensitivity analysis was the assumption that participants, who had been pregnant before baseline data collection, may have developed myopia or undergone changes in their myopia, prior to the baseline data being recorded. Notwithstanding, the results of this sensitivity analysis were essentially the same.
We also adjusted our analysis according to hours/week of outdoor physical activity. It has been recently studied and published in recent literature the relationship between outdoors activities and a significant reduction in myopic progression. 25, 26 There is less information and inadequate knowledge regarding refractive errors related to pregnancy. Due to the high prevalence of myopia and its important socioeconomic consequences, the influence of pregnancy on myopia progression demands special attention.
During pregnancy, changes occur in the cardiovascular, hormonal, metabolic, hematologic, and immunologic system. 27 Undoubtedly, this adaptation process has an impact on the ocular system. Some authors have suggested that water retention during pregnancy induces changes on corneal thickness and curvature, and these changes could modify the corneal refractive index. 28 
Table 3 HR and (95% CI) of myopia on set or progression at the different follow-up periods
No pregnancy in the follow-up questionnaire At least one pregnancy in the follow-up questionnaire Hormonal changes may also play a role since progestins and estrogens increase the permeability of the crystalline lens to water, thus reducing the refractive index. 15 In any case, the observation that pregnant women have unstable refractions is a reality. Pizzarello et al 16 reported in a case-control study with 12 pregnant women, that 25% of them noticed reduced night vision but all reported spontaneous resolution after delivery. On the other hand, small case series have reported no changes in refraction during pregnancy. Park et al 17 followed up prospectively 24 women during their pregnancies and found an increase in corneal curvature during the second and third trimesters, but no significant permanent refractive change. Akar et al 29 also evaluated 88 pregnant women and did not report significant differences. Manges et al 16 followed 38 non-pregnant and 93 pregnant women and found that refractive errors did not change significantly during pregnancy.
This background, of contradictory results, has also invaded the field of refractive surgery mainly affecting corneal procedures (photorefractive keratectomy (PRK), and laser in situ keratomileusis). 30, 31 There is an appeal for women with a refractive error to consider refractive surgery nowadays. Classical recommendations for women considering refractive surgery include avoiding pregnancy for one year after surgery, and to have a stable documented refraction postpartum. 15 The rationale for this recommendation is that first of all, the cornea after PRK may be more sensitive to hormonal changes during pregnancy leading to alterations on corneal wound healing, which could induce sub-epithelial haze, 31 and that, it is generally believed, there is an increased risk of myopia progression during pregnancy. Therefore young fertile women seeking a possible refractive surgery need better and more solid information about the adequate timing of this surgery, according to their future pregnancies. We do not know the specifically physiological reason to explain our results: it can be due to water retention or other hormonal changes during pregnancies. But the increased time outdoors spent by women during their maternal leave and the fewer hours that they spent at work are very likely explanations of the observe inverse association. In any case, it is probably a multi-causal process. New epidemiological studies specifically focused on this issue and taking into account all these variables, should be conducted in order to better clarify these results.
Our findings showed that pregnancy was associated with a reduced risk of myopia onset or progression (HR = 0.58; 95% CI = 0.49-0.69). The magnitude of this inverse association persisted after several degrees of control for potential confounders and several sensitivity analyses ( Table 2 ).
All previous studies assessing this relation between pregnancy and myopia, involved o100 participants observed for short periods of follow-up. Probably, the refractory changes described were physiologic changes related to pregnancy that could later on have reverted to normality. This is why the time point when refractive changes are measured could be critical to the results found, and this could be a likely explanation for the apparently contradictory results reported.
Our study has several limitations to be considered when interpreting our findings. A methodological limitation is the potential recall error associated with selfreported data for onset or increase of myopia. Also, as the design of our cohort recruits only highly educated participants, and mostly all Caucasian, it could induce a selection bias, and further studies should be done in a more random sample of subjects, to be able to generalize our findings. However, this is a highly educated and cooperative cohort and we have evidence of the high quality and validity of the self-reported data provided. In fact several validations study have been done to confirm the high quality of the self-reported data of our participants. [32] [33] [34] [35] [36] [37] [38] [39] [40] Another potential weakness of our study is the lack of information on myopia severity at baseline and we did not adjust or estimated for baseline myopia as we did not collect this information at baseline (Q0), consequently there is a possibility for uncontrolled confounding related to pre-existed myopia that we cannot account for. The literature provides limited data on the risk of myopia progression for different amounts of baseline myopia, but baseline myopia and its degree of severity are classically among the strongest determinants for myopia progression. 41 Also, residual confounding could exist as we did not adjust for all the potential confounding variables such as parental history of myopia, or types or near work, or profession; however, our results did not change (they even became more robust) after adjusting for several confounding. It is possible that residual confounding by lower time of near work during the final months of pregnancy and during maternal leaves, and more time of external activities, might account for this inverse association that we found, and it could be a plausible explanation to these results, so these possible confounding factors should be taken into account in future studies. Also the definition of myopia or changes in myopia was based on criteria of wearing glasses, but not on measured refractive error.
Another possible limitation of our study is that conceivably a woman with a baby would be less likely to visit an eye doctor than a non-pregnant women and this could have induced selective detection bias. We analysed how many women had visited an ophthalmologist, and 27% of the pregnant women vs 33% of the nonpregnant women underwent a check-up with an ophthalmologist (Po0.001). But we also conducted a sub-study to conduct a small and simple bias analysis, and when we analysed only women reporting an ophthalmologist check-up there was still a significant reduction in the risk of myopia onset or progression in pregnant women compared to non-pregnant women (HR: 0.57; 95%CI: 0.40-0.83).
Despite these limitations, our study is the first prospective cohort study, to our knowledge, with a large sample size and a long follow-up period that has investigated this association.
Our findings, if confirmed by further studies, can be of great relevance today. The most common age of females who seek refractive surgery is between 20 and 30 years, and this age coincides with the period of their lives that they are most likely to get pregnant.
Our study, conducted in a large cohort of highly educated Caucasians women, showed that pregnancy, was inversely associated with new myopia diagnosis or progression. Therefore, our results do not confirm the widespread idea that pregnancy may induce myopia progression. To confirm our findings, further longitudinal studies including a thorough assessment of baseline myopia are needed.
Summary
What was known before K Previous studies have suggested that pregnancy may induce myopia progression. However, no longitudinal study with a large sample size and long-term follow-up has assessed this association.
What this study adds K To our knowledge this is the first large-longitudinal assessment in middle-aged women, showing that pregnancy is inversely associated with myopia development or progression. Further studies are needed to confirm these epidemiological findings.
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